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Abstract 
Introduction 
Rapid sequence intubation (RSI) performed by non-physicians such as paramedics or nurses has become increasingly 
common in many countries, however concerns have been stated regarding the safe use and appropriateness of RSI 
when performed by these healthcare providers.  The aim of our study was to compare RSI success and adverse 
events between non-physician and physician in the prehospital setting. 
Methods 
A systematic literature search of key databases including Medline, EMBASE, and the Cochrane Library was 
conducted.  Eligibility, data extraction and assessment of risk of bias were assessed independently by two reviewers.   
A bias-adjusted meta-analysis using a quality effects (QE) model was conducted for the primary outcomes of overall 
ETI success and first pass ETI success and for adverse events where possible to do so.   
Results 
Eighty-three studies were included in the meta-analysis.  There was a 2% difference in successful ETI proportion for 
physicians versus non-physicians; 99% (95% CI 98-99) versus 97% (95% CI 95-99).  A 10% difference in first pass RSI 
success was noted between physicians 88% (95% CI 83-93) versus 78% (95% CI 65-89) for non-physicians.  For airway 
trauma, bradycardia, cardiac arrest, endobronchial intubation, hyper and hypotension lower adverse events were 
noted for physicians. However, non-physicians had a lower prevalence of hypoxia and oesophageal intubations. 
Similar proportions were noted for pulmonary aspiration and emesis.  Nine adverse events estimates lacked 
precision except for endobronchial intubation and four adverse event analyses showed evidence of possible 
publication bias. Consequently, no reliable evidence exists for differences between physicians and non-physicians for 
adverse events.  
Conclusion 
This analysis shows that physicians have a higher RSI first pass and overall success as well as mostly lower adverse 
events for RSI in the out-of-hospital setting. Nevertheless, for all success and adverse events no firm conclusion for a 
difference can be drawn due to lack of precision of meta-analytic estimates or selective reporting. First pass success 
could be an area in which to focus quality improvement strategies for non-physicians. 
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Introduction 
Rapid sequence intubation (RSI) is an advanced airway management process whereby rapidly acting sedative 
and paralytic drugs are used to aid the placement of an endotracheal tube. The practice of RSI is intended to 
optimally prepare patients for laryngoscopy and endotracheal intubation (ETI) and to facilitate conditions for 
successful intubation on the first attempt.  Prehospital RSI is utilized by a number of emergency medical services 
(EMS) in countries such as  Australia,1  Europe,2 South-Africa3, and the United States4. Previous work involving 
paramedics in the United States suggested the prehospital RSI may increase mortality in patients with traumatic 
brain injury.5 Davis et al theorized this difference may be related to the low paramedic intubation success rate (84%), 
multiple, severe hypoxic episodes and frequent hyperventilation, suggesting safety concerns surrounding RSI by non-
physicians.6,7 A meta-analysis by Lossius et al found lower success rates for intubation after RSI by non-physicians 
when compared to physicians (99 versus 96%) and  suggested that the prehospital use of intubation should be 
reconsidered in the absence of a physician.2 
Other research has also raised concerns regarding non-physician RSI and intubation in the prehospital setting.8-17 
Dunford reported that 57% of their cohort had desaturation events after paramedic RSI, and 48% had recognised 
oesophageal intubations.18 A South-African paramedic RSI program reported a success rate of 100%, but the authors 
also reported adverse events of up to 22% and raised concerns about the safety of this RSI program. 19 In a meta-
analysis of the effect of clinician experience on mortality after endotracheal intubation there was a twofold increase 
in the odds of mortality when inexperienced (primarily paramedics) intubate.20 Peters et al compared intubation of 
paramedics in helicopter EMS to physicians, and found first-pass success rate lower when ambulance paramedics 
were compared with physicians (46.4 vs. 84.5%).21  However, there is some evidence that the success and adverse 
event profile for non-physician RSI might not be as poor as these studies suggest. A randomized controlled (RCT) trial 
by Bernard et al from Australia found favourable neurological outcome at six months after paramedic RSI compared 
to in-hospital RSI.1 In contrast to the Davis trial, hyperventilation and hypoxia  were uncommon and intubation 
success rate considerably higher ( 97.5%).1 The Bernard trial suggests that for some non-physicians RSI might not be 
as unsafe as previously suggested and highlights the need for further investigation.  Against that background, the 
aim of this study was to conduct a systematic review that compares RSI success and adverse events between non-
physician and physician in the prehospital setting by analysing success and adverse events.  
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Methods 
This systematic review and meta-analysis was conducted according to the PRISMA guidelines, 22 and was 
registered with the PROSPERO registry of systematic reviews (registration number 42014014834).  
Data Sources, Search Strategy and Study Selection 
Medline, EMBASE, and the Cochrane Central Register of Controlled Trials were searched by two authors 
independently (JC and PF) from the inception of each database up to February 11, 2016 (search terms in Appendix 
1). This was complemented by back-searching the reference lists of identified studies for suitable articles. Abstracts 
of potentially suitable articles were screened by two authors (JC and PF) for relevance. Full text articles were 
screened by the same authors.  
Eligibility Criteria 
All out-of-hospital English language observational and experimental studies that reported RSI success 
proportions or harms by out-of-hospital personnel (all healthcare workers able to perform RSI) were eligible. 
Observational studies were defined as etiologic or effectiveness studies using data from databases that includes 
prospective and retrospective cohorts, case control, cross sectional, case series and studies using historical 
controls23. RSI drugs include the use of a paralytic agent, such as suxamethonium (succinylcholine), rocuronium and 
vecuronium. The time frame for the selected studies was not limited. Publication types in which such studies were 
sourced from included journals, books, dissertations, technical reports and manuscripts. We excluded manikin and 
animal studies; those examining other airway techniques such as supraglottic airways; studies that reported non-
drug assisted ETI results or that report ETI results assisted with drugs other than typical RSI drugs, for example ETI 
assisted with benzodiazepines only. We further excluded those that appeared in abstract only; that reported results 
from which it was not possible to extract effect size statistics; and where it was impossible to assess the 
methodological quality of the paper.    
Data Abstraction 
Two authors (PS and PF) independently reviewed each included study to identify the following characteristics: 
study and year; country; paralytic drug; clinician intubating after RSI drugs were administered; type of emergency 
medical service (ground or flight); overall success proportion; first pass success; oesophageal intubation;  cardiac 
arrest during or after RSI; hyper- or hypotension during or after RSI; hypoxia or desaturation events during or after 
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RSI; emesis during or after RSI; brady- or tachycardia during or after RSI; endobronchial intubations;  hypo- or 
hypercarbia during or after RSI; and aspiration during or after RSI. We extracted estimates only if it was clear from 
the manuscript that an event happened during or after the RSI procedure. Extraction was piloted for clarity on five 
studies. Disagreements in extracted data were resolved by arbitration and consensus by all authors. 
Quality Assessment 
We assessed the quality (extent of bias) of each study with a checklist adapted from the prevalence checklist of 
Hoy et al (Appendix 2).24 To aid quality ratings, we designed a guide that accompanied the checklist (Appendix 3).  
Modifications included paraphrasing the wording of each item in the Hoy checklist for the RSI and out-of-hospital 
checklist. The checklist consisted of eight items that assessed external and internal validity via four domains: 
selection and nonresponse bias, measurement bias and bias related to the analysis.24 Two authors (CS and PF) 
independently assessed all included studies for quality, and interrater agreement was assessed with an intraclass 
correlation coefficient (ICC).25  
Definitions 
We used success and adverse event definitions provided by the authors of the included studies. The adequacy of 
a particular study definition was formally assessed through the quality rating, and specific standards for definitions 
are presented in the guidelines for the quality checklist in item six (Appendix 3). Physicians were defined as clinicians 
that had undergone training to qualify them as medical doctors and included anaesthesiologists and emergency 
physicians. Non-physicians were defined by exclusion: clinicians able to perform RSI that were not physicians and 
included paramedics, nurses, firefighter/paramedics, respiratory therapists and physician assistants.  
Statistical Analysis    
The main outcomes were the proportions (expressed as a percentage) of 1) overall success of intubation after 
RSI drugs; 2) first pass success; and 3) the various adverse events. When proportions approach 1 (such as with 
intubation success) the typical equation for a confidence interval does not prevent confidence intervals falling 
outside the range of  0 – 1.26 Furthermore, when the proportions are very small or large, the variance is pressed 
towards zero and meta-analysis puts undue weight on studies with extreme proportions.26  To avoid this 
pressing effect of the variance and the confidence interval outside the possible range, the double arcsine square 
root transformed prevalence proportion across studies was pooled and results were reported after back-
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transformation to natural proportions. While the usual transformation is the logit transformation, the double 
arcsine square root has been shown to be better at variance stabilization. 26  
Meta-analyses were conducted for outcomes that had similar definitions and were therefore considered 
conceptually a single group. If multiple studies reported data on the same subjects (i.e. from the same dataset), 
we selected the least biased study based on the quality assessment to avoid counting data twice. Heterogeneity 
was determined to be present when the value of τ 2 was greater than zero or the Q-statistic was significant at a p 
< 0.1 and was quantified using the I2 and Cochran’s Q statistic. Both are presented because at higher levels of 
heterogeneity, for similar I2 the Cochran’s Q can still vary considerably. Meta-analyses of heterogeneous studies  
is often performed using the random effects (RE)model, 27 however our analysis was completed using the quality 
effects (QE) model described by Doi et al.28,29 The QE model adjusts for study-level risk of bias and has 
advantages over the RE model, given that the RE model estimate does not allow for direct interpretation.30 Also, 
the RE estimator suffers from faulty error estimation so that confidence intervals generated are too narrow,31  
and the RE model also exacerbates estimation of publication bias.32  Study level-risk of bias was quantified for 
use in the QE model by averaging the summary quality ratings of each rater. (Table 1)   
Funnel plots were not used because they perform poorly when the effect size is a prevalence proportion such as 
in this analysis,33 for this reason publication bias was examined visually by Doi plots and the Luis Furuya-
Kanamori (LFK) index.34,35 The Doi plot uses linear ranking to study asymmetry, where a symmetrical triangle is 
created with a z-score close to zero at its peak if the studies in the analysis are homogenous and not affected by 
selection or other forms of bias.34 The LFK index indicates no asymmetry if within ±1, minor asymmetry if more 
±1 but within ±2 and major asymmetry if the index exceeds ±2.35 Pooled estimates between physicians and non-
physicians were considered similar if there was an overlap of 95% confidence intervals. 
Results 
The literature search identified 3351 articles. After abstract screening and duplicate removal, 89 articles were 
included in the systematic review, with 83 suitable for meta-analysis (Figure 1).  
Characteristics of the studies 
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Eleven studies were non-randomized trials,8,9,12,21,36-64 of which ten had historical controls.65-74 Two studies were 
randomized controlled trials.1,75 Twenty-five were prospective8,11,12,18,36,37,39,40,63,64,69,76-89 and fifty-one were 
retrospective cohort studies.4,5,7,9,13,14,16,17,19,21,38,41-62,90-107 Physicians were the intubating clinicians in 18% of 
studies,9,11,12,16,17,21,43,45,49,57,66,80,81,86,87,100 and non-physicians in half (52%).1,5,7,18,19,22,38,42,44,46-48,50,53-55,58-60,65,68-75,77,81,83-
85,90-95,99,101,103-106 A third (30%) of studies reported results for a mix of physicians and non-physicians. 
4,8,13,14,36,37,39,40,51,52,56,58,59,61-64,67,76,78,82,88,89,94,96,97,102,104,107 About half of studies (47%) were reports from flight medical 
programs. 65-67,70-72,74,77 Four studies in this review were excluded from the meta-analysis to avoid  double 
counting,19,79,88,93 and two were reviewed without meta-analysis.7,108 The number of individual RSIs included in the 
overall success analysis is 26 353, and 11 349 for the analysis of first pass success. 
Study Quality 
Two raters had moderate agreement with ICC (3, k) of 0.52 (95% CI 0.20- 0.74).  Study quality was higher for 
studies that reported physician RSI with a mean of 6.28 (95% CI 5.76 – 5.80) out of a possible eight, compared to 
non-physicians 5.43 (95% CI 5.20 – 5.63) and physicians/non-physicians 5.20 (95% CI 4.78 – 5.62).  
Quantitative Synthesis 
Overall and first pass success of endotracheal intubation after rapid sequence induction 
Meta-analysis indicate that non-physicians have an overall RSI intubation success of 2% less than physicians, and 
a 10% lesser first pass success(Table 1 and Figure 2).  However, these estimates lacked precision as evidenced by 
overlapping confidence intervals. The Doi plots for the overall and first-pass success meta-analyses were symmetrical 
(not shown).  
Adverse events 
 Point estimates for non-physicians show 3% less oesophageal intubations and hypoxia, but 3.5% more 
bradycardia, 1% more hypertension, 1% more hypotension, 1% more cardiac arrest, 3.7% more endobronchial 
intubation and 1% more airway trauma than physicians. No difference in point estimates was seen for emesis or 
pulmonary aspiration (see Table 1 and Figure 2). All estimates except endobronchial intubation lacked precision and 
therefore the magnitude and direction of the estimates overlapped for most  adverse events. Doi plots showed gross 
positive asymmetry in effect sizes for four adverse events: Esophageal intubation, endobronchial intubation, 
bradycardia and hypertension (Figure S1).  No meta-analysis for tachycardia could be completed as insufficient 
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studies reported purely physician estimates. Furthermore, no meta-analysis for hyperventilation/hypocarbia or 
pneumonia was completed as insufficient studies or unsuitable estimates reported to make a physicians and no-
physicians comparison.  
Heterogeneity 
 All analyses showed large heterogeneity except for pulmonary aspiration. Also, there was larger heterogeneity 
in the overall success proportions of non-physicians with I2 = 92% compared to physicians I2 = 74%.  High 
heterogeneity was not only evident for overall success, but a pattern of higher heterogeneity for non-physicians is 
evident across all analysis where such a comparison was possible.  
Limitations 
Our systematic review found large heterogeneity across most analysis, similar to other meta-analysis of 
advanced airway management. 109,110This large heterogeneity warrants caution in interpreting our estimates. There 
was evidence for possible publication bias for four adverse events, raising the likelihood of selective reporting and 
making assessments of these four adverse events unreliable. Comparisons of the estimates from this analysis with 
nationwide results such as those from the NEMESIS data provide further evidence for possible selective reporting. As 
such, it is argued that the pooled results from this analysis might not be unbiased. Also, painstaking efforts were 
made to avoid the “unit of analysis” problem where some subjects are counted twice due to studies reporting the 
same subjects across multiple papers. Even so, the data from Tollefsen et al might overlap very slightly with the data 
from NEMESIS reported by Wang, but a sensitivity analysis shows that excluding Tollefsen does not change the 
pooled results.4,60  Only English publications were included in this review, and it is possible that a small number of 
non-English publications exist. Should that be the case, it is unlikely that such studies will alter these estimates and 
conclusions.   
It would have been ideal to meta- analyse clinician types separately, but lack of sufficient data for some clinician 
types made such analysis unfeasible. Finally, the training level of the non-physicians provider (experienced, novice, 
etc.) was not provided.   While experience and level of training impact ETI success, datasets such as NEMSIS do not 
report provider proficiency with ETI. The interrater agreement beyond chance as shown by the ICC statistic can be 
considered moderate. A higher agreement would have been ideal, but we believe this moderate agreement does not 
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negate our results.  Numerous studies reported adverse events that were unsuitable for meta-analysis. As an 
example, consider oesophageal intubation reports. Twelve studies that were not included in the esophageal 
intubations analysis reported these events, but in such a way that they were not useful; e.g. they reported “no 
unrecognised esophageal intubations”,65  which did not reveal the actual number of such mishaps. This proved to be 
a problem with reports of endobronchial intubations too. A lack of adequate reporting and failure to publish these 
estimates in these instances could explain the asymmetry in the Doi plots.  
Discussion  
This systematic review provides an up-to-date synthesis of non-physicians RSI success and adverse events. Our 
meta-analysis showed a two percent difference in the overall success in favour of physicians; however a lack of 
precision of this estimate suggests that the evidence for these differences might not be reliable. Additionally, a ten 
percent difference in the first pass success favours physicians.  Furthermore, our results show that for six of the ten 
adverse events, pooled estimates show lower adverse events for physicians.  Nevertheless, for inadvertent 
oesophageal intubation and hypoxia non-physicians events have more favourable proportions. Large overlap in 
confidence intervals for nine of the adverse events makes these differences less-than-reliable, except for RSI-related 
endobronchial intubation which had no overlap.  Evidence suggestive of selective reporting/publication for RSI-
related bradycardia and hypertension and also for inadvertent endobronchial and oesophageal intubation possibly 
makes the estimates of these adverse events less dependable. Additionally, Doi plots showed gross positive 
asymmetry for these four adverse events, which could mean that lower event rates for were under-reported for 
non-physicians. It follows that none of the differences noted for adverse events could be taken as very trustworthy. 
In most analyses, larger heterogeneity is present among the estimates of non-physicians, showing that success and 
adverse events are more variable amongst non-physicians, perhaps due to varying levels of skill or training.  
 A ten percent difference in first pass success when physicians are compared to non-physicians might be a cause 
for concern. It is best to intubate on the first attempt, as repeated attempts at intubation and laryngoscopy have 
been associated with increased adverse events such as hypoxemia, oesophageal intubation, aspiration, cardiac 
arrest and decreased likelihood of return-of-spontaneous circulation. 111  112,113 114 We consider the first pass 
proportion of out-of-hospital physicians the benchmark; non-physicians should strive to match physician first pass 
success. A lack of sufficient or suitable studies precluded a comparison of hyperventilation. Even so, Davis et al 
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report a 59% rate of hypocarbia (EtCO2 ≤25 mmHg) in their paramedic RSI trial,7 and rates of 9.5% ,108 as well as 50% 
(EtCO2 ≤30 mmHg) were found in in other publications .63 These high hyperventilation rates contrast with the low 
paramedic hyperventilation proportions from South Africa (2%). 19 A United States ground-based paramedic study 
reported 10% hyperventilation/hypocarbia. 84 Similarly, we were unable to analyse hypoventilation or hypercarbia 
due to insufficient studies that report estimates suitable for analysis. Nevertheless,  Bernard et al found a 20% 
instance of hypoventilation for paramedics (EtCO2 ≥ 45mmHg), 41 but Gunning et al. found a 1% prevalence in a 
South African RSI program19. In a mixed physicians and non-physicians crew, Holmes et al. report a 7.6% proportion82 
while Sing et al. report no cases of hypoventilation or hypercarbia for their nurse/paramedic crew. 53,54 No analysis 
for pneumonia were completed for similar reasons, however Davis et al. report 20% pneumonia prevalence in their 
paramedic based study.5 Sing et al. demonstrate 17.5% and 21% proportion in the nurse/paramedic configuration. 
53,54 For a non-physician/physician crew Sloane et al. report a 30% prevalence of post-RSI pneumonia.56 Since we 
could not analyse hypo or hyperventilation and tachycardia, we cannot make a meaningful comparison for these 
three events between physicians and non-physicians.  
We found variations in the definitions used for adverse events for the studies included in this review. For 
example, the analysis of hypoxia/desaturation revealed at least seven distinct but related definitions, and this could 
be a likely source of the heterogeneity seen in the analysis of adverse events. Sollid et al devised a template to solve 
this lack of uniform reporting by devising standardised definitions for advanced airway management.115 Future 
studies should consider reporting their RSI results using the template by Sollid et al. To reduce heterogeneity in 
adverse events and success estimates, uniform data collection and standardized definitions are critical and make 
comparison of RSI successes and adverse events easier.  Another possible cause of heterogeneity was the extent of 
bias (study quality) of estimates included in this review. Specifically, studies that report physician success and 
adverse events are consistently less biased than those from non-physicians, as the quality ratings show. It is a 
strength of the QE method that our results are adjusted for these study level biases.  
Conclusions 
Physicians have higher RSI intubation first-pass and overall success rates compared to non-physicians in the out of 
hospital setting; however the evidence for a difference in intubation success and adverse event rates were less 
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reliable due to a lack of precision of estimates and possible selective reporting in some instances.  Continued efforts 
are needed to help improve non-physician first-pass success rates in the out of hospital setting.  
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Table 1 Meta-analysis results of success and adverse events during or after RSI, quality effects model  
OVERALL SUCCESS PROPORTION 
Subgroup Quality 
score 
N (no. of 
studies) 
Proporti
on (%) 
LCI 95% HCI 95% Subgroup 
weight (%) 
I2 (%) Cochran’s Q  
Physicians   6.3 4441 (14) 99 98 99 19.8 74 50.5  
Non-Physicians  5.5 13883 (35) 97 95 99 53 92 415.3  
Physicians/non-Physicians   5.3 8029 (16) 94 87 100 27.2 94 241  
Pooled 5.6 26353(65) 97 95 98 100 93 927.9  
FIRST PASS SUCCESS 
Study or subgroup Quality 
score 
N (no. of 
studies) 
Proporti
on (%) 
LCI 95% HCI 95% Subgroup 
weight (%) 
I2 (%) Cochran’s Q  
Physicians   6.3 2363 (8) 88 83 93 24.3 89 62.3  
Non-Physicians  5.6 7473 (15) 78 65 89 62.0 96 350.3  
Physicians/non-Physicians   5.2 1513 (8) 83 76 90 13.8 89 61.8  
Pooled 5.7 11349 (31) 82 74 88 100 95 649.4  
OESOPHAGEAL INTUBATION   
Study or subgroup Quality 
score 
N (no. of 
studies)) 
Proporti
on (%) 
LCI 95% HCI 95% Subgroup 
weight (%) 
I2 (%) Cochran’s  
Physicians   5.7 526 (3) 5 1 9 17.0 63 5.43  
Non-Physicians  5.6 2455 (8) 2 0 13 60.9 97 250.4  
Physicians/non-Physicians   6.1 623 (5) 5 3 7 22.2 15 4.7  
Pooled 5.8 3604 (16) 3 0 8 100 95.00 294.0  
CARDIAC ARREST   
Study or subgroup Quality 
score 
N (no. of 
studies) 
Proporti
on (%) 
LCI 95% HCI 95% Subgroup 
weight (%) 
I2 (%) Cochran’s Q  
Physicians   6 359 (1) 1 0 2 11.1 N/A N/A 
Non-Physicians  5.7 2789 (7) 2 1 3 76.0 47 11.3  
Physicians/non-Physicians   6.5 306 (2) 1 0 5 12.9 82 5.5  
Pooled 5.9 3454 (10) 1 1 2 100 52.8 19.1  
ENDOBRONCHIAL 
INTUBATION 
 
Study or subgroup Quality 
score 
N (no. of 
studies) 
Proportio
n (%) 
LCI 95% HCI 95% Subgroup 
weight (%) 
I2 (%) Cochran’s Q  
Physicians  6 359 (1) 0.3 0 1 29.9 N/A N/A 
Non-Physicians  5.8 215 (2) 4 1 6 19.51 0 0.7  
Physicians/non-Physicians   6.1 523 (4) 2 0 4 50.63 67 9.0  
Pooled 6 1097 (7) 1 1 2 100 69.0 19.1  
PULMONARY ASPIRATION  
Study or subgroup Quality 
score 
N (no. of 
studies) 
Proporti
on (%) 
LCI 95% HCI 95% Subgroup 
weight (%) 
I2 (%) Cochran’s Q  
Physicians   6.5 433 (1) 1 0 2 16.5 N/A N/A 
Non-Physicians  5.7 2305 (5) 1 0 2 71.4 40 6.7  
Physicians/non-Physicians   6.3 197 (2) 2 0 4 12.1 0 0.9  
Pooled 6 2935 (8) 1 1 2 100 17.7 8.5  
EMESIS  
Study or subgroup Quality 
score 
N (no. of 
studies) 
Proportio
n (%) 
LCI 95% HCI 95% Subgroup 
weight (%) 
I2 (%) Cochran’s Q  
Physicians   7 345 (1) 5 3 7 43.2 N/A N/A 
Non-Physicians  5.7 353 (3) 5 3 7 40.6 0 0.14  
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Physicians/non-Physicians   6 140 (1) 0 0 1 16.2 N/A N/A 
Pooled 6 838 (4) 0.03 0.01 0.06 100 73.7 15.2  
BRADYCARDIA  
Study or subgroup Quality 
score 
N (no. of 
studies) 
Proporti
on (%) 
LCI 95% HCI 95% Subgroup 
weight (%) 
I2 (%) Cochran’s Q  
Physicians   6.8 778 (2) 0.5 0 1 47.4 0 0.09  
Non-Physicians  5.9 636 (6) 4 0 10 38.2 90 52.2  
Physicians/non-Physicians   6.3 224 (2) 3 0 11 14.4 83 5.8  
Pooled 6.2 1638 (10) 2 0 5 100 89.1 82.7  
HYPOXIA  
Study or subgroup Quality 
score 
N (no. of 
studies) 
Proporti
on (%) 
LCI 95% HCI 95% Subgroup 
weight (%) 
I2 (%) Cochran’s Q  
Physicians   6.8 1204 (5) 9 5 14 42.0 84 24.6  
Non-Physicians  5.4 963 (7) 6 0 16 28.9 95 123.5  
Physicians/non-Physicians   5.4 1128 (5) 18 9 27 29.2 86 29.6  
Pooled 5.8 3295 (17) 10 6 16 100 93 242.5  
HYPERTENSION   
Study or subgroup Quality 
score 
N (no. of 
studies) 
Proporti
on (%) 
LCI 95% HCI 95% Subgroup 
weight (%) 
I2 (%) Cochran’s Q 
Physicians  7 433 (1) 1 0 2 62.8 N/A N/A 
Non-Physicians  5.8 150 (2) 2 0 5 19.6 15 1.2  
Physicians/non-Physicians   6 122 (2) 61 0 100 17.4 98 56.4  
Pooled 6 705 (5) 6 0 51 100 98.7 302.7 
HYPOTENSION  
Study or subgroup Quality 
score 
N (no. of 
studies) 
Proporti
on (%) 
LCI 95% HCI 95% Subgroup 
weight (%) 
I2 (%) Cochran’s Q  
Physicians   7 1164 (4) 7 3 12 49.8 89 27.9 
Non-Physicians  5.3 866 (7) 8 5 11 32.9 64 16.7  
Physicians/non-Physicians   6 319 (4) 5 0 13 17.24 79 14.5  
Pooled 5.9 2349 (15) 7 4 9 100 77.1 61.12  
AIRWAY TRAUMA  
Study or subgroup Quality 
score 
N (no. of 
studies) 
Proporti
on (%) 
LCI 95% HCI 95% Subgroup 
weight (%) 
I2 (%) Cochran’s Q  
Physicians   7 787 (2) 1 0 3 84.8 88 8.6  
Non-Physicians  6.5 150 (1) 2 0 4 19.6 N/A N/A 
Pooled 6.8 937 (3) 1 0 3 100 79.2 9.6  
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Table 2 LFK index for Doi plot symmetry  
SUCCESS OR ADVERSE EVENT LFK INDEX (SYMMETRY) 
Overall success -0.66 (no asymmetry) 
First-pass success -.031 (no asymmetry) 
Esophageal intubation 2.32 (major asymmetry) 
Cardiac arrest 0.49 (no asymmetry) 
Endobronchial intubation 3.38 (major asymmetry) 
Pulmonary aspiration  -0.97 (no asymmetry) 
Emesis 0.61 (no asymmetry) 
Bradycardia  3.58 (major asymmetry) 
Hypoxia 0.03 (no asymmetry) 
Hypertension 2.72 (major asymmetry) 
Hypotension -0.86 (no asymmetry) 
Airway trauma -1.48 (minor asymmetry) 
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Figure 1 Study selection flow diagram 
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Figure 2 Success and adverse events proportions, physicians compared to non-physicians during or after RSI 
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Pls make numbers larger font (0, 5, 10 ,15) and capital P for proportion
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Supplementary material 
 
Figure S1. From left to right: Doi plots for esophageal intubation, endobronchial intubation, bradycardia and hypertension respectively.  
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Table S1 Study characteristics and success and adverse proportions expressed as a percentage 
Study Risk 
score  
Practioner EMS Succe
ss 
First 
Pass 
Esophag
eal 
Cardiac 
Arrest 
Hyperten
sion 
Hypoten
sion 
Hypo
xia 
Airway 
Trauma 
Eme
sis 
Bradycar
dia 
Tachycar
dia 
Bronc
hus 
Hypocar
bia 
Hyperca
rbia 
Aspirat
ion 
Pneumo
nia 
Adnet 
199876 
4 Physician Nurse  Unknown 76.1 NR NR NR NR NR NR NR NR NR NR NR NR NR NR NR 
Andrew 
201538 
6 Paramedic Flight 100 84.8 NR NR NR NR NR NR NR NR NR NR NR NR NR NR 
Bernard 
200241 
5.5 Paramedic Flight 97.3 NR IAR 0. 9 2.7 6.4 0. 9 NR NR NR NR NR NR 20.4 NR NR 
Bernard 
20101 
6 Paramedic Road 96.8 NR 3.2 3.8 NR NR NR NR NR NR NR NR NR NR NR NR 
Bernard 
2015111 
5.5 Paramedic Road 97.8 NR NR 0.7 NR ncRSI NR NR NR ncRSI NR NR NR NR NR NR 
Bloomer 
201367 
6 Physician 
Paramedic  
Flight NR NR 4.3 ncRSI NR ncRSI ncRSI ncRSI NR ncRSI NR 0.5 NR NR NR NR 
Bozeman 
200677 
5.5 Nurse 
Paramedic  
Flight 92.1 NR IAR NR NR NR NR NR NR NR NR NR NR NR 0 NR 
Brown 
200142 
5 Nurse 
Paramedic  
Flight 77.7 NR NR NR NR NR NR NR NR NR NR NR NR NR NR NR 
Brownstei
n 199691 
6 Paramedic Road NR NR IAR NR NR NR 0 NR NR 0 NR NR NR NR NR NR 
Bulger 
200292 
5 Paramedic Road 97.8 NR NR NR NR NR NR NR NR NR NR NR NR NR NR NR 
Chesters 
201343 
5.5 Physician Flight 100 NR NR NR NR NR NR NR NR NR NR NR NR NR NR NR 
Combes 
200678 
5 Physician Nurse  Road 100 NR NR NR NR NR NR NR NR NR NR NR NR NR NR NR 
Corfield 
20068 
5.5 Physician 
Paramedic  
Flight 100 NR NR NR NR 0 4.7 NR NR NR NR NR NR NR NR NR 
Cushman 
201068 
5.5 Paramedic Unknown 92.0 84.7 4.9 NR NR 13.5 NR NR 4.3 8.5 NR NR NR NR NR NR 
Davis 
200369 
6 Paramedic Mix NR 58.9 NR NR NR NR NR NR NR NR NR NR 15.3 NR NR NR 
Davis 
2003116 
5.5 Paramedic Mix 84.5 NR NR NR NR NR NR NR NR NR NR NR NR NR NR NR 
Davis 
20047 
4 Paramedic Mix 84.5 NR NR NR NR NR 30.7 NR NR NR NR NR 59.3 NR NR NR 
Davis 
2004108 
5 Paramedic Mix 84.5 NR NR NR NR NR IAR NR NR NR NR NR 9.5 NR NR NR 
Davis 
20055 
5 Paramedic Mix 84.5 NR NR NR NR NR NR NR NR NR NR NR NR NR NR 20.2 
Davis 
200593 
4.5 Paramedic Mix 84.9 NR NR NR NR NR 5.8 NR NR NR NR NR NR NR NR NR 
Davis 
200763 
5.5 Paramedic 
Nurse Physician 
Flight NR NR NR NR NR NR 61.9 NR NR NR NR NR 50 NR NR NR 
Davis 5 Paramedic Mix NR NR NR NR NR NR 21.8 NR NR NR NR NR NR NR NR NR 
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200879 Nurse Physician 
Davis 
201194 
5 Nurse 
Paramedic Mix 
Flight NR NR NR NR NR NR 44.5 NR NR IAR IAR NR NR NR NR NR 
Deitch 
200364 
5 Paramedic 
Nurse Physician 
Flight NR NR NR NR 15.1 9.1 NR NR NR NR NR NR NR NR NR NR 
Diggs 
201414 
5.5 Paramedic 
Nurse Physician 
Mix 93.1 NR NR NR NR NR NR NR NR NR NR NR NR NR NR NR 
Dunford 
200318 
5 Paramedic Mix NR NR 64.8 NR NR NR 57.4 NR NR 35.4 NR NR NR NR NR NR 
Elofson 
201395 
4.5 Nurse 
Paramedic  
Mix NR NR NR NR NR 17.6 NR NR NR NR NR NR NR NR NR NR 
Fakhry 
200644 
5.5 Paramedic Flight 96.6 70.3 0 IAR NR NR 2.3 NR NR NR NR 2.9 NR NR NR NR 
Falcone 
199670 
4 Nurse 
Paramedic 
Flight 100 NR NR NR NR NR NR NR NR NR NR NR NR NR NR NR 
Fullerton 
201145 
8 Physician Flight 97.0 NR NR NR NR 1.0 NR NR NR NR NR NR NR NR NR NR 
Gellerfors 
201496 
7 Physician Nurse  Mix 80.0 NR NR NR NR NR NR NR NR NR NR NR NR NR NR NR 
Grmec 
200480 
5.5 Physician Unknown 100 90.1 9.9 NR NR NR NR NR NR NR NR NR NR NR NR NR 
Gunning 
200936 
3.5 Physician 
Paramedic  
Flight 97.6 69.8 NR NR NR NR NR NR NR NR NR NR NR NR NR NR 
Gunning 
201319 
6.5 Paramedic Mix 100 NR NR NR NR 4.6 2.3 NR NR 2.3 NR NR 2.3 1.2 NR NR 
Hansen 
201597 
5 Paramedic 
Nurse Physician 
Mix 92.9 NR IAR NR NR IAR NR IAR IAR IAR NR NR NR NR NR NR 
Harris 
201181 
5 Physician Mix 99.8 87.5 NR NR NR NR NR NR NR NR NR NR NR NR NR NR 
Harrison 
200498 
5.5 Nurse 
Paramedic  
Mix 100 78.0 IAR NR NR NR NR NR NR NR NR NR NR NR NR NR 
Hedges 
198899 
5 Paramedic Unknown 95.8 NR 0 NR NR NR NR NR NR NR NR NR NR NR NR NR 
Helm 
201312 
7 Physician Flight 100 92.0 IAR NR NR NR 13.3 NR NR NR NR IAR NR NR NR NR 
Hiestand 
201146 
4 Nurse 
Paramedic  
Flight 96.0 58.6 NR NR NR NR NR NR NR NR NR NR NR NR NR NR 
Holmes 
201282 
6 Paramedic 
Nurse Physician 
Mix NR NR 4.0 NR NR NR NR NR NR NR NR NR NR 8 NR NR 
Kamiutsur
i 2013100 
6 Physician Road 90.6 NR NR NR NR NR NR NR NR NR NR NR NR NR NR NR 
Kaye 
200383 
4 Paramedic Road 100 NR IAR NR NR NR NR NR NR NR NR NR NR NR NR NR 
Kociszews
ki 200047 
6.5 Nurse 
Paramedic  
Flight 98.2 NR NR NR NR NR NR NR NR NR NR NR NR NR NR NR 
Kwok 
2013101 
5 Paramedic Unknown 97.7 63.9 NR NR NR NR NR NR NR NR NR NR NR NR NR NR 
Lowe 
199871 
5.5 Nurse 
Paramedic  
Flight 84.7 NR NR IAR NR NR NR NR IAR NR NR NR NR NR NR NR 
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Ma 
199872 
5.5 Nurse paramedic  Flight 97.5 NR NR NR NR NR NR NR 5.0 NR NR NR NR NR NR IAR 
Murphy-
Macabobb
y 199248 
5.5 Paramedic Flight 96.6 83.2 NR NR NR NR NR NR NR NR NR NR NR NR NR NR 
Mackay 
200149 
6 Physician Flight 98.3 NR NR 0.6 IAR IAR NR NR NR NR NR 0.3 NR NR NR NR 
McIntosh 
200850 
5 Nurse 
Paramedic  
Flight 95.1 NR NR NR NR NR NR NR NR NR NR NR NR NR NR NR 
McQueen 
2015 
4.5 Physician Nurse  Mix 99.3 90.1 NR NR NR NR NR NR NR NR NR NR NR NR NR NR 
Merlin 
201084 
5 Paramedic Road 96.0 82.0 IAR 0 NR NR 9.6 NR NR NR NR NR 9.8 NR NR NR 
Nakstad 
201111 
7 Physician Mix 99.2 89.3 NR NR NR NR 10.8 NR NR NR NR NR NR NR NR NR 
Nevin 
201416 
5.5 Physician Mix 100 NR NR NR NR NR NR NR NR NR NR NR NR NR NR NR 
Newton 
20089 
6.5 Physician Flight NR NR NR NR NR 13.0 18.3 NR NR NR NR NR NR NR NR NR 
Ochs 
200285 
6.5 Paramedic Mix 84.2 NR 22.8 4.2 NR IAR NR NR NR NR NR NR NR NR 0 NR 
Pace 
2000103 
6.5 Paramedic Road 92.0 82.0 IAR 2.7 NR NR NR 1.3 4.7 2.0 NR NR NR NR NR NR 
Pearson 
200373 
7.5 Nurse 
Paramedic  
Mix 98.6 NR NR NR NR NR NR NR NR NR NR NR NR NR NR NR 
Perkins 
201351 
6 Physician 
Paramedic  
Flight 100 94.8 NR NR 78.7 0.9 NR NR NR NR 58.2 NR NR NR NR NR 
Perkins 
201352 
6.5 Physician 
Paramedic  
Flight 100 95.9 NR NR 80.4 NR NR NR NR IAR IAR NR NR NR NR NR 
Peters 
201521 
8 Physician Flight NR 84.6 NR NR NR NR NR NR NR NR NR NR NR NR NR NR 
Prekker 
2014104 
7 Paramedic Road 99.3 82.3 NR NR NR NR NR NR NR NR NR NR NR NR NR NR 
Rhee 
199465 
5.5 Nurse Flight 75.8 NR IAR NR NR ncRSI ncRSI NR NR ncRSI NR NR NR NR NR NR 
Rognås 
201386 
7 Physician Mix 99.7 85.8 4.3 NR NR 7.2 5.2 0 4.6 0.3 NR NR NR NR NR NR 
Sing 
199653  
6 Nurse 
Paramedic  
Flight 97.5 NR 2.5 NR 0 2.6 0 NR NR 7.7 0 5.0 NR 0 20.0 17.5 
Sing 
199854 
6 Nurse 
Paramedic  
Flight 96.4 86.9 IAR NR NR NR NR NR NR NR NR NR NR NR 2.4 21.3 
Slater 
199655 
6 Nurse Flight 96.9 NR NR NR NR NR NR NR NR NR NR NR NR NR NR NR 
Sloane 
200056 
5.5 Paramedic 
Nurse Physician 
Flight 97.9 80.9 2.1 NR NR NR NR NR NR NR NR 8.5 NR NR 0 29.8 
Smith 
200266 
4.5 Physician Flight 97.0 71.0 2 NR NR NR NR NR NR NR NR NR NR NR NR NR 
Sonday 
200574 
4.5 Nurse 
Paramedic  
Flight 99.0 84.7 NR NR IAR IAR NR NR NR NR NR NR NR NR NR NR 
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Soti 
201557 
6.5 Physician Flight 99.1 95.4 NR NR 0.7 8.1 8.1 1.6 NR 0.5 NR NR NR NR 1.2 NR 
Swanson 
200159 
5.5 Paramedic 
Nurse Physician 
Flight 95.5 NR NR NR NR 6.0 NR NR NR NR NR NR NR NR NR NR 
Swanson 
200458 
4.5 Nurse 
Paramedic  
Flight 98.6 NR NR NR NR 4.8 NR NR NR NR NR NR NR NR NR NR 
Syverud 
198837 
5.5 Physician Nurse  Flight 95.8 NR NR NR IAR NR NR NR NR 8.1 9.5 NR NR NR NR NR 
Thoeni17 6 Physician Road 99.0 NR NR NR NR NR NR NR NR NR NR NR NR NR NR NR 
Thompso
n 199539 
5 Paramedic 
Nurse Physician 
Flight 94.7 NR NR NR NR NR NR NR NR NR NR NR NR NR NR NR 
Timmerm
an 200687 
6.5 Physician Mix 98.0 NR IAR NR NR NR NR NR NR NR NR IAR NR NR NR NR 
Tollefsen 
201360 
6.5 Nurse 
Paramedic  
Flight 95.7 78.6 NR NR NR NR NR NR NR NR NR NR NR NR NR NR 
Vadebonc
oeur 
200675 
5.5 Paramedic Mix NR NR NR NR NR NR NR NR NR NR NR NR NR NR 0.2 NR 
Vilke 
199461 
6 Physician Nurse  Flight 89.7 NR 3.6 0 NR NR NR IAR 0 NR NR 0.7 NR NR NR NR 
Vopelius-
Feldt 
201313 
7 Physician 
Paramedic  
Mix 97.3 82.0 8.7 2.7 NR 10.0 NR NR NR 1.3 NR 2.7 NR NR 2.0 NR 
Wang 
200340 
3.5 Paramedic 
Nurse Physician 
Mix 94.6 NR NR NR NR NR NR NR IAR NR NR NR NR NR NR NR 
Wang 
200488 
3 Paramedic 
Nurse Physician 
Mix 97.2 NR IAR NR NR NR NR NR NR NR NR NR NR NR NR NR 
Wang 
200689 
5.5 Paramedic 
Nurse Physician 
Flight 96.3 56.3 NR NR NR NR NR NR NR NR NR NR NR NR NR NR 
Wang 
20114 
5 Paramedic 
Nurse Physician 
Mix 81.4 NR IAR NR IAR IAR IAR IAR IAR NR NR NR NR NR NR NR 
Warner 
2010105 
6 Paramedic Road 88.3 67.7 NR NR NR NR NR NR NR NR NR NR NR NR NR NR 
Wayne 
1999106 
5 Paramedic Road 95.5 NR 0.4 1.4 NR NR NR NR NR NR NR NR NR NR 1.2 NR 
Wimalase
na 201562 
4.5 Physician 
Paramedic  
Flight NR 86.0 NR IAR NR NR 18.8 NR NR IAR NR NR NR NR NR NR 
Wimalase
na 
2015107 
4.5 Physician 
Paramedic  
Mix NR 78.8 NR NR NR 6.7 15.4 NR NR NR NR NR NR NR NR NR 
NR= not reported; ncRSI= not clear that adverse events occurred during or after RSI procedure; IAR= inadequate reporting of event and unable to extract statistic.  
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Table S2 RSI overall success, physician versus non-physician, quality effects model 
Study or subgroup Proportion LCI 95% HCI 95% Weight (%) 
Physicians  
Chesters 2013 1.00 0.98 1.00 0.66 
Fullerton 2011 0.97 0.94 0.99 1.38 
Grmec 2004 1.00 0.98 1.00 0.64 
Harris 2011 1.00 0.99 1.00 1.35 
Helm 2013 1.00 0.99 1.00 1.05 
Kamiutsuri 2013 0.91 0.85 0.95 0.80 
Mackay 2001 0.98 0.97 0.99 1.49 
Nakstad 2011 0.99 0.97 1.00 0.95 
Nevin 2014 1.00 0.99 1.00 1.09 
Rognås 2013 1.00 0.99 1.00 1.70 
Smith 2002 0.97 0.93 1.00 0.56 
Soti 2015 0.99 0.98 1.00 1.83 
Thoeni 2015 0.99 0.98 1.00 2.41 
Timmerman 2006 0.98 0.97 0.99 3.90 
Physicians  subgroup 0.99 0.98 0.99 19.79 
Non-physicians 
Andrew 2015 1.00 0.99 1.00 0.91 
Bernard 2002 0.97 0.93 1.00 0.72 
Bernard 2010 0.97 0.93 0.99 0.91 
Bernard 2015 0.98 0.96 0.99 1.87 
Bozeman 2006 0.92 0.81 0.99 0.53 
Brown 2001 0.78 0.44 0.99 0.41 
Bulger 2002 0.98 0.97 0.98 3.48 
Cushman 2010 0.92 0.87 0.96 0.85 
Davis 2003 0.85 0.81 0.88 1.66 
Fakhry 2006 0.97 0.93 0.99 0.89 
Falcone 1996 1.00 0.94 1.00 0.36 
Gunning 2013 1.00 0.98 1.00 0.77 
Harrison 2004 1.00 0.99 1.00 0.75 
Hedges 1988 0.96 0.91 0.99 0.62 
Hiestand 2011 0.96 0.95 0.97 2.29 
Kaye 2003 1.00 0.98 1.00 0.50 
Kociszewski 2000 0.98 0.96 1.00 1.18 
Kwok 2013 0.98 0.96 0.99 1.43 
Lowe 1998 0.85 0.77 0.91 0.68 
Ma 1998 0.98 0.90 1.00 0.53 
Macabobby 1992 0.97 0.92 0.99 0.74 
McIntosh 2008 0.95 0.94 0.96 2.79 
Merlin 2010 0.96 0.88 1.00 0.51 
Ochs 2002 0.84 0.77 0.90 0.85 
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Pace 2000 0.92 0.87 0.96 0.96 
Pearson 2003 0.99 0.94 1.00 0.83 
Prekker 2014 0.99 0.99 0.99 13.99 
Rhee 1994 0.76 0.59 0.89 0.51 
Sing 1998 0.96 0.91 1.00 0.70 
Slater 1996 0.97 0.95 0.99 1.28 
Sonday 2005 0.99 0.96 1.00 0.55 
Swanson 2004 0.99 0.96 1.00 0.79 
Tollefsen 2013 0.96 0.93 0.98 1.29 
Warner 2010 0.88 0.85 0.91 1.53 
Wayne 1999 0.95 0.94 0.96 4.35 
Non-physicians subgroup 0.97 0.95 0.99 53.01 
Physicians/non-physicians  
Adnet 1998 0.76 0.63 0.87 0.40 
Combes 2006 1.00 0.99 1.00 2.31 
Corfield 2006 1.00 0.92 1.00 0.48 
Diggs 2014 0.93 0.92 0.94 15.22 
Gellerfors 2014 0.80 0.33 1.00 0.56 
Gunning 2009 0.98 0.90 1.00 0.34 
McQueen 2015 0.99 0.97 1.00 0.65 
Perkins 2013 1.00 0.99 1.00 0.85 
Sloane 2000 0.98 0.91 1.00 0.55 
Syverud 1988 0.96 0.90 0.99 0.61 
Thompson 1995 0.95 0.92 0.97 1.11 
Vilke 1994 0.90 0.84 0.94 0.91 
Vopelius-Feldt 2013 0.97 0.94 0.99 1.05 
Wang 2003 0.95 0.84 1.00 0.33 
Wang 2006 0.96 0.91 1.00 0.58 
Wang 2011 0.81 0.77 0.85 1.24 
Physicians/non-physicians  
subgroup 
0.94 0.87 1.00 27.20 
Pooled 0.97 0.95 0.98 100 
I2 93.10 91.87 94.15  
Cochran's Q 927.90    
Chi2, p 0.00    
Q-Index 28.17    
 
Table S3 RSI first-pass success, physician versus non-physician, quality effects model  
Study or subgroup Proportion LCI 95% HCI 95% Weight (%) 
Physicians  
Smith 2002 0.71 0.62 0.80 1.09 
Grmec 2004 0.90 0.83 0.96 1.23 
Harris 2011 0.88 0.84 0.91 2.89 
Nakstad 2011 0.89 0.83 0.94 1.88 
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Helm 2013 0.92 0.87 0.96 2.10 
Rognås 2013 0.86 0.82 0.89 3.61 
Peters 2014 0.85 0.82 0.87 7.51 
Soti 2015 0.95 0.93 0.97 3.95 
Smith 2002 0.71 0.62 0.80 1.09 
Physicians  subgroup 0.88 0.83 0.93 24.26 
Non-physicians 
Macabobby 1992 0.83 0.76 0.89 1.46 
Sing 1998 0.87 0.79 0.93 1.35 
Pace 2000 0.82 0.75 0.88 1.93 
Davis 2003 0.59 0.52 0.65 2.00 
Harrison 2004 0.78 0.70 0.85 1.48 
Sonday 2005 0.85 0.77 0.91 1.08 
Fakhry 2006 0.70 0.63 0.77 1.80 
Cushman 2010 0.85 0.79 0.90 1.73 
Merlin 2010 0.82 0.70 0.92 0.95 
Warner 2010 0.68 0.63 0.72 3.27 
Hiestand 2011 0.59 0.56 0.62 5.13 
Kwok 2013 0.64 0.59 0.68 3.08 
Tollefsen 2013 0.79 0.73 0.83 2.70 
Prekker 2014 0.82 0.81 0.83 32.16 
Andrew 2015 0.85 0.79 0.90 1.84 
Non-physicians subgroup 0.78 0.65 0.89 61.97 
Physicians/non-physicians  
Sloane 2000 0.81 0.68 0.91 1.02 
Wang 2006 0.56 0.45 0.67 1.22 
Gunning 2009 0.70 0.55 0.83 0.64 
Perkins 2013 0.95 0.90 0.98 1.68 
Vopelius-Feldt 2013 0.82 0.75 0.88 2.10 
McQueen 2015 0.90 0.85 0.95 1.30 
Wimalasena 2015 a 0.86 0.83 0.88 4.18 
Wimalasena 2015 b 0.79 0.73 0.84 1.62 
Physicians/non-physicians  
subgroup 0.83 0.76 0.90 13.77 
Pooled 0.82 0.74 0.88 100.00 
I2 95.38 94.29 96.26  
Cochran's Q 649.41    
Chi2, p 0.00    
Q-Index 23.41    
 
Table S4 RSI inadvertent esophageal intubation, physician versus non-physician, quality effects model  
Study or subgroup Proportion LCI 95% HCI 95% Weight (%) 
Physicians  
Grmec 2004 0.10 0.04 0.17 3.02 
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Rognås 2013 0.04 0.02 0.07 11.16 
Smith 2002 0.02 0.00 0.06 2.78 
Physicians  subgroup 0.05 0.01 0.09 16.96 
Non-physicians 
Bernard 2010 0.03 0.01 0.07 5.07 
Cushman 2010 0.05 0.02 0.09 4.80 
Dunford 2003 0.65 0.52 0.77 2.22 
Fakhry 2006 0.00 0.00 0.01 5.06 
Hedges 1988 0.00 0.00 0.02 3.03 
Ochs 2002 0.23 0.16 0.31 4.38 
Sing 1996 0.03 0.00 0.10 2.31 
Wayne 1999 0.00 0.00 0.01 33.99 
Non-physicians subgroup 0.02 0.00 0.13 60.86 
Physicians/non-physicians  
Bloomer 2013 0.04 0.02 0.08 5.76 
Holms 2012 0.04 0.01 0.09 3.73 
Sloane 2000 0.02 0.00 0.09 2.27 
Vilke 1994 0.04 0.01 0.07 4.67 
Vopelius-Feldt 2013 0.09 0.05 0.14 5.76 
Physicians/non-physicians  
subgroup 0.05 0.03 0.07 22.18 
Pooled 0.03 0.00 0.08 100.00 
I2 94.90 93.06 96.26  
Cochran's Q 294.39    
Chi2, p 0.00    
Q-Index 20.84    
 
Table S5 RSI cardiac arrest, physician versus non-physician, quality effects model  
Study or subgroup Proportion LCI 95% HCI 95% Weight (%) 
Physicians  
Mackay 2001 0.01 0.00 0.02 11.05 
Physicians  subgroup 0.01 0.00 0.02 11.05 
Non-physicians 
Bernard 2002 0.01 0.00 0.04 4.53 
Bernard 2010 0.04 0.01 0.07 6.08 
Bernard 2015 0.01 0.00 0.02 14.52 
Merlin 2010 0.00 0.00 0.03 2.89 
Ochs 2002 0.04 0.01 0.08 5.42 
Pace 2000 0.03 0.01 0.06 6.38 
Wayne 1999 0.01 0.01 0.02 36.15 
Non-physicians subgroup 0.02 0.01 0.03 75.96 
Physicians/non-physicians  
Vilke 1994 0.00 0.00 0.01 6.05 
Vopelius-Feldt 2013 0.03 0.01 0.06 6.93 
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Physicians/non-physicians  
subgroup 0.01 0.00 0.05 12.98 
Pooled 0.01 0.01 0.02 100.00 
I2 52.83 3.40 76.97  
Cochran's Q 19.08    
Chi2, p 0.02    
Q-Index 21.65    
 
Table S6 RSI inadvertent endobronchial intubation, physician versus non-physician, quality effects model  
Study or subgroup Proportion LCI 95% HCI 95% Weight (%) 
Physicians  
Mackay 2001 0.003 0.00 0.01 29.86 
Physicians  subgroup 0.003 0.00 0.01 29.86 
Non-physicians 
Fakhry 2006 0.03 0.01 0.06 14.36 
Sing 1996 0.05 0.00 0.14 5.15 
Non-physicians subgroup 0.04 0.01 0.06 19.51 
Physicians/non-physicians  
Bloomer 2013 0.01 0.00 0.02 16.46 
Sloane 2000 0.09 0.02 0.19 5.24 
Vilke 1994 0.01 0.00 0.03 12.90 
Vopelius-Feldt 2013 0.03 0.01 0.06 16.04 
Physicians/non-physicians  
subgroup 0.02 0.00 0.04 50.63 
Pooled 0.01 0.00 0.03 100.00 
I2 68.51 30.42 85.75  
Cochran's Q 19.05    
Chi2, p 0.00    
Q-Index 14.13    
 
Table S7 RSI Pulmonary aspiration, physician versus non-physician, quality effects model  
Study or subgroup Proportion LCI 95% HCI 95% Weight (%) 
Physicians  
Soti 2015 0.01 0.00 0.02 16.52 
Physicians  subgroup 0.01 0.00 0.02 16.52 
Non-physicians 
Bozeman 2006 0.00 0.00 0.04 3.53 
Ochs 2002 0.00 0.00 0.02 6.53 
Sing 1998 0.02 0.00 0.07 5.17 
Vadeboncoeur 2006 0.00 0.00 0.01 13.51 
Wayne 1999 0.01 0.01 0.02 42.66 
Non-physicians subgroup 0.01 0.00 0.02 71.40 
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Physicians/non-physicians  
Sloane 2000 0.00 0.00 0.04 3.77 
Vopelius-Feldt 2013 0.02 0.00 0.05 8.31 
Physicians/non-physicians  
subgroup 0.02 0.00 0.04 12.09 
Pooled 0.01 0.01 0.02 100.00 
I2 17.66 0.00 60.53  
Cochran's Q 8.50    
Chi2, p 0.29    
Q-Index 21.59    
 
Table S8 RSI related emesis, physician versus non-physician, quality effects model  
Study or subgroup Proportion LCI 95% HCI 95% Weight (%) 
Physicians  
Rognås 2013 0.05 0.03 0.07 43.23 
Physicians  subgroup 0.05 0.03 0.07 43.23 
Non-physicians 
Cushman 2010 0.04 0.02 0.08 18.49 
Ma 1998 0.05 0.00 0.14 4.96 
Pace 2000 0.05 0.02 0.09 17.17 
Non-physicians subgroup 0.05 0.03 0.07 40.62 
Physicians/non-physicians  
Vilke 1994 0.00 0.00 0.01 16.15 
Physicians/non-physicians  
subgroup 0.00 0.00 0.01 16.15 
Pooled 0.03 0.01 0.07 100.00 
I2 73.73 34.59 89.45  
Cochran's Q 15.22    
Chi2, p 0.00    
Q-Index 9.10    
 
Table S9 RSI bradycardia, physician versus non-physician, quality effects model  
Study or subgroup Proportion LCI 95% HCI 95% Weight (%) 
Physicians  
Rognås 2013 0.003 0.00 0.01 21.98 
Soti 2015 0.005 0.00 0.01 25.38 
Physicians  subgroup 0.005 0.001 0.011 47.365 
Non-physicians 
Brownstein 1996 0.00 0.00 0.01 9.55 
Cushman 2010 0.09 0.05 0.13 8.57 
Dunford 2003 0.35 0.19 0.53 2.05 
Gunning 2013 0.02 0.00 0.07 5.77 
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Pace 2000 0.02 0.00 0.05 9.39 
Sing 1996 0.08 0.01 0.19 2.88 
Non-physicians subgroup 0.04 0.00 0.10 38.21 
Physicians/non-physicians  
Syverud 1988 0.08 0.03 0.16 4.31 
Vopelius-Feldt 2013 0.01 0.00 0.04 10.11 
Physicians/non-physicians  
subgroup 0.03 0.00 0.11 14.42 
Pooled 0.01 0.00 0.05 100.00 
I2 89.12 82.10 93.38  
Cochran's Q 82.70    
Chi2, p 0.00    
Q-Index 8.37    
 
Table S10 RSI hypoxia, physician versus non-physician, quality effects model  
Study or subgroup Proportion LCI 95% HCI 95% Weight (%) 
Physicians  
Helm 2013 0.13 0.08 0.19 5.94 
Newton 2008 0.18 0.13 0.24 6.22 
Nakstad 2011 0.11 0.05 0.18 4.46 
Rognås 2013 0.05 0.03 0.08 11.85 
Soti 2015 0.08 0.06 0.11 13.47 
Physicians  subgroup 0.09 0.05 0.14 41.95 
Non-physicians 
Bernard 2002 0.01 0.00 0.04 3.72 
Davis 2005 0.06 0.04 0.08 8.92 
Davis 2011 0.45 0.35 0.54 3.38 
Fakhry 2006 0.02 0.00 0.05 5.26 
Gunning 2013 0.02 0.00 0.07 3.72 
Merlin 2010  0.10 0.01 0.23 1.67 
Sing 1996 0.00 0.00 0.04 2.21 
Non-physicians subgroup 0.06 0.00 0.16 28.89 
Physicians/non-physicians  
Corfield 2006 0.05 0.00 0.19 1.60 
Davis 2007 0.62 0.40 0.82 1.60 
Vopelius-Feldt 2013 0.10 0.06 0.15 5.94 
Wimalasena 2015 a 0.19 0.16 0.22 15.07 
Wimalasena 2015 b 0.15 0.11 0.21 4.95 
Physicians/non-physicians  
subgroup 0.18 0.09 0.27 29.17 
Pooled 0.10 0.06 0.16 100.00 
I2 93.40 90.88 95.23  
Cochran's Q 242.46    
Chi2, p 0.00    
Q-Index 19.63    
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Table S11 RSI hypertension, physician versus non-physician, quality effects model  
Study or subgroup Proportion LCI 95% HCI 95% Weight (%) 
Physicians  
Soti 2015 0.01 0.00 0.02 62.77 
Physicians  subgroup 0.01 0.00 0.02 62.77 
Non-physicians 
Bernard 2002 0.03 0.00 0.07 13.45 
Sing 1996 0.00 0.00 0.04 6.19 
Non-physicians subgroup 0.02 0.00 0.05 19.64 
Physicians/non-physicians  
Deitch 2003 0.09 0.01 0.22 4.45 
Perkins 2013 0.79 0.69 0.87 13.14 
Physicians/non-physicians  
subgroup 0.62 0.00 1.00 17.59 
Pooled 0.06 0.00 0.51 100.00 
I2 98.68 98.06 99.10  
Cochran's Q 302.71    
Chi2, p 0.00    
Q-Index 6.42    
 
Table S12 RSI hypotension, physician versus non-physician, quality effects model  
Study or subgroup Proportion LCI 95% HCI 95% Weight (%) 
Physicians  
Fullerton 2011 0.01 0.00 0.03 10.30 
Newton 2008 0.13 0.09 0.18 8.30 
Rognås 2013 0.07 0.05 0.10 14.62 
Soti 2015 0.08 0.06 0.11 16.61 
Physicians  subgroup 0.07 0.02 0.12 49.84 
Non-physicians 
Bernard 2002 0.06 0.02 0.12 4.63 
Cushman 2010 0.13 0.09 0.19 6.18 
Elofson 2013 0.18 0.08 0.29 2.38 
Gunning 2013 0.05 0.01 0.10 4.65 
Sing 1996 0.03 0.00 0.11 2.79 
Swanson 2004 0.05 0.02 0.08 6.15 
Wimalasena 2015 0.07 0.04 0.11 6.13 
Non-physicians subgroup 0.08 0.05 0.11 32.92 
Physicians/non-physicians  
Corfield 2006 0.00 0.00 0.08 2.04 
Deitch 2003 0.09 0.01 0.22 2.17 
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Perkins 2013 0.01 0.00 0.04 5.65 
Physicians/non-physicians  
subgroup 0.05 0.00 0.13 17.24 
Pooled 0.07 0.04 0.09 100.00 
I2 77.10 62.50 86.01  
Cochran's Q 61.12    
Chi2, p 0.00    
Q-Index 22.81    
 
Table S13 RSI related airway trauma, physician versus non-physician, quality effects model  
Study or subgroup Proportion LCI 95% HCI 95% Weight (%) 
Physicians  
Rognås 2013 0.007 0.00 0.00 38.16 
Soti 2015 0.02 0.01 0.03 46.58 
Physicians  subgroup 0.01 0.00 0.03 84.75 
Non-physicians 
Pace 2000 0.01 0.00 0.04 15.25 
Non-physicians subgroup 0.02 0.00 0.04 19.64 
Pooled 0.01 0.00 0.03 100.00 
I2 79.19 33.63 93.48  
Cochran's Q 9.61    
Chi2, p 0.01    
Q-Index 1.15    
 
Appendix 1 
Medline Search terms 
1. emergency medical services.mp. [mp=title, abstract, original title, name of substance word, subject heading 
word, keyword heading word, protocol supplementary concept word, rare disease supplementary concept word, 
unique identifier] 
2. emergency medical technicians.mp. [mp=title, abstract, original title, name of substance word, subject 
heading word, keyword heading word, protocol supplementary concept word, rare disease supplementary concept 
word, unique identifier] 
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3. emergency treatment.mp. [mp=title, abstract, original title, name of substance word, subject heading word, 
keyword heading word, protocol supplementary concept word, rare disease supplementary concept word, unique 
identifier] 
4. emergency medicine.mp. [mp=title, abstract, original title, name of substance word, subject heading word, 
keyword heading word, protocol supplementary concept word, rare disease supplementary concept word, unique 
identifier] 
5. ambulances.mp. [mp=title, abstract, original title, name of substance word, subject heading word, keyword 
heading word, protocol supplementary concept word, rare disease supplementary concept word, unique identifier] 
6. air ambulances.mp. [mp=title, abstract, original title, name of substance word, subject heading word, keyword 
heading word, protocol supplementary concept word, rare disease supplementary concept word, unique identifier] 
7. first aid.mp. [mp=title, abstract, original title, name of substance word, subject heading word, keyword 
heading word, protocol supplementary concept word, rare disease supplementary concept word, unique identifier] 
8. military medicine.mp. [mp=title, abstract, original title, name of substance word, subject heading word, 
keyword heading word, protocol supplementary concept word, rare disease supplementary concept word, unique 
identifier] 
9. prehospital.tw. 
10. pre-hospital.tw. 
11. Paramedic*.tw. 
12. ambulance*.tw. 
13. out-of-hospital.tw. 
14. out of hospital.tw. 
15. ems.tw. 
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16. emt.tw. 
17. emergency services.tw. 
18. emergency medical service*.tw. 
19. emergency technician*.tw. 
20. emergency practitioner.tw. 
21. emergency dispatch*.tw. 
22. emergency despatch*.tw. 
23. first responder*.tw. 
24. public access defibrillation.tw. 
25. emergency rescue.tw. 
26. emergency resus*.tw. 
27. emergency triage.tw. 
28. advanced life support.tw. 
29. community support co-ordinator.tw. 
30. community support coordinator.tw. 
31. emergency care practitioner.tw. 
32. extended care practitioner.tw. 
33. Physicians assistant.tw. 
34. 1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 or 9 or 10 or 11 or 12 or 13 or 14 or 15 or 16 or 17 or 18 or 19 or 20 or 21 or 
22 or 23 or 24 or 25 or 26 or 27 or 28 or 29 or 30 or 31 or 32 or 33 
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35. rapid sequence intubation.mp. [mp=title, abstract, original title, name of substance word, subject heading 
word, keyword heading word, protocol supplementary concept word, rare disease supplementary concept word, 
unique identifier] 
36. rapid sequence intubation.tw. 
37. rapid seq$.tw. 
38. endotracheal intubation.mp. [mp=title, abstract, original title, name of substance word, subject heading 
word, keyword heading word, protocol supplementary concept word, rare disease supplementary concept word, 
unique identifier] 
39. intubation.tw. 
40. rapid sequence induction.mp. [mp=title, abstract, original title, name of substance word, subject heading 
word, keyword heading word, protocol supplementary concept word, rare disease supplementary concept word, 
unique identifier] 
41. rapid sequence induction.tw. 
42. rapid-seq$.tw. 
43. RSI.tw. 
44. endotracheal intubation.tw. 
45. endotracheal- intu$.tw. 
46. rapid-sequence-intub$.tw. 
47. 35 or 36 or 37 or 38 or 39 or 40 or 41 or 42 or 43 or 44 or 45 or 46 
48. 34 and 47 
49. limit 48 to humans 
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Embase search terms 
1. rapid sequence intubation.tw. 
2. rapid seq$.tw. 
3. intubation.tw. 
4. rapid sequence induction.tw. 
5. rapid-seq$.tw. 
6. RSI.tw. 
7. rapid-sequence-intub$.tw. 
8. out-of-hospital.tw. 
9. prehospital.tw. 
10. Paramedic.tw. 
11. ambulance.tw. 
12. (rapid seq$ adj25 (out-of-hospital or prehospital or ambulance or Paramedic)).ti. 
13. (RSI adj25 (out-of-hospital or prehospital or ambulance or Paramedic)).ti. 
14. ((endotracheal or intubation) adj25 (out-of-hospital or prehospital or ambulance or Paramedic)).ti. 
15. (rapid seq$ adj25 (out-of-hospital or prehospital or ambulance or Paramedic)).ab. 
16. (RSI adj25 (out-of-hospital or prehospital or ambulance or Paramedic)).ab. 
17. (intubation adj25 (out-of-hospital or prehospital or ambulance or Paramedic)).ab. 
18. 1 or 2 or 3 or 4 or 5 or 6 or 7 
19. 8 or 9 or 10 or 11 
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20. 18 and 19 
21. 12 or 13 or 14 or 15 or 16 or 17 
22. 20 or 21 
Cochrane central 
1. prehospital.ab. 
2. out-of-hospital.ab. 
3. Paramedic.ab. 
4. RSI.ab. 
5. rapid seq$.ab. 
6. rapid sequence induction.ab. 
7. endotracheal intu$.ab. 
8. emt.ab. 
9. prehospital.ti. 
10. out-of-hospital.ti. 
11. Paramedic.ti. 
12. emt.ti. 
13. rapid seq$.ti. 
14. 4 or 5 or 6 or 7 or 13 
15. 1 or 2 or 3 or 8 or 9 or 10 or 11 or 12 
16. 14 and 15 
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Appendix 2 
QUALITY CHECKLIST FOR A SYSTEMATIC REVIEW OF OUT-OF-HOSPITAL RSI SUCCESS AND 
ADVERSE EVENTS 
HOW TO USE THIS CHECKLIST 
1. Carefully read all articles, and reread the relevant portions with the checklist, systematically considering each category 
on the list. 
2. Answers are scored high risk or low risk, based on the criteria in the table below.    
3. After each item of the list has received ether a high risk or low risk rating, the particular study then receives an overall 
rating by adding the number of low risk scores for item nine (summary item on the overall risk of study bias).  
4. If a question is unclear, do not answer it until the meaning of the particular question has been clarified by fellow 
investigators.  
 
ITEMS 
1. Does the emergency service typically treat patients with RSI that are similar to that to which the RSI results need to be 
generalized? The population being served had to be adults and children of all ages, and consist of a mix of trauma and medical 
patients.  
 Yes (LOW RISK): The emergency services patient population was a close representation of the typical RSI population. 
 No (HIGH RISK): The emergency services patient population was not a close representation of the typical RSI 
population, or not reported sufficiently. 
2. Was the defined sampling frame (from which the sample was drawn) made up of all data collected by the emergency 
service?  
 Yes (LOW RISK): the defined sampling frame of the study consists of all records of the study period, no data 
restriction to a subgroup. 
 
 No (HIGH RISK): Data was restricted and the defined sampling frame of the study did not consist of all records, or not 
reported sufficiently. 
3. Was some form of random selection used to select the sample from the defined sampling frame, or did the researchers 
endeavor to access all records (a census)?  
 Yes (LOW RISK): A census or random sample was used.  
 No (HIGH RISK): The sample was not randomly selected or census used, it was selected by handpicking etc., or not 
reported sufficiently.  
4. Was the non-response bias (non-availability of data after selection to the sample) less than 20%? After the researcher 
selected cases for inclusion, did they obtain data from most of the selected subjects?  
 Yes (LOW RISK): The sample had better than or equal to 80% availability of data. 
 No (HIGH RISK): the sample is less than 80% of the cases that should have been included, or not reported sufficiently. 
5. Were any reasonable steps taken to ensure accuracy of RSI success or harms/adverse events statistics? Relying on the 
clinician that did the RSI to report success or harms is not always reliable, and separate verification is required.  
 Yes (LOW RISK): ≥70% statistics were reliable. 
 No (HIGH RISK) : <70% statistics were unreliable or not reported sufficiently. 
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6. Was acceptable success/adverse event/harm definitions used when such definitions were required? That is, were the terms 
and definitions used for success /adverse event/harm devoid of any ambiguity?  
 Yes (LOW RISK): ≥70% events had acceptable RSI success/harm definitions, or lacked ambiguity. 
 No (HIGH RISK) : <70% events had acceptable RSI success/harm definition was NOT used or was ambiguous. 
7. Did the numerator(s) and denominator(s) for the success or harm proportions use the correct sample numbers and 
therefore match the reported success or harm statistic? If a study reports a success/harm percentage, and also reports the 
fraction/ratio that the percentage is derived from, check that they match.  
 Yes (LOW RISK): ≥70% numerator(s) and denominator(s) are correct; they match the reported success/harm statistic. 
 No (HIGH RISK) : <70% numerator(s) and denominator(s) are correct, they do not match the reported success/harm 
statistic, or statistic is reported without evidence of how it was derived, or not reported sufficiently.   
8. Was the mode (e.g. healthcare records, clinician interviews etc.) of data collection the same for all subjects? 
 Yes (LOW RISK): All data was collected in the same way.  
 No (HIGH RISK): Some of the data was collected in different ways, or not reported sufficiently. 
9. Summary item on the overall risk of study bias. Count the number of LOW RISK scores.  
 Sum the number of low risk scores and add this to item nine. Classify scores into categories: 
1,2,3 = high risk of bias 
4,5,6 = moderate risk of bias 
7,8 = low risk of bias 
 
Appendix three 
Guidelines for using the RSI checklist 
 
This guideline aims to assist the rater in the interpretation of the checklist, and provides examples. To start, some 
definitions plus examples: 
Patient population- This is the population from which the particular emergency service obtains its patients. It might 
be all potential RSI patients in a specific geographical area (such as a state, province, city) served by a particular 
emergency service. Example: An ambulance service such as Ambulance Victoria in Australia is serves all potential RSI 
patients in the state of Victoria, Australia. The patient population is therefore the potential RSI patient over the 
whole of Victoria.  
Sampling frame - The group of patients that were actually seen by the paramedic service during the study period. 
Example: All patients that received RSI by paramedics for 12 months in Victoria.  
Defined sampling frame- After the researchers apply the particular studies inclusion and exclusion criteria to 
sampling frame, they are left with the defined sampling frame. Ideally the inclusion and exclusion criteria are such 
that the defined sampling frame resembles the sampling frame closely, but this is often not the case. Example: A 
study has a defined sampling frame only paediatric patients that received RSI by paramedics for 12 months in 
Victoria after excluding adults, which they normally  RSI.  
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Sample- The sample is the group of patients extracted by sampling out of the defined sampling frame for inclusion in 
the study. Example: The inclusion criteria of this Victorian study restrict the sampling frame to trauma only for the 12 
month study period.  The researchers then randomly sampled from this defined sampling frame and what is left is 
the sample.  
Item one 
This item aims to assess the extent that the composition of the patient population affects external validity of a study. 
An externally valid study meant that the results of the study can be readily applied to a group of patients typically 
seen in practice. Item one does this by finding out if the patient the particular service treats is similar to the “wider” 
population of RSI patient. In the context of rapid sequence intubation (RSI) in the out of hospital field, a typical 
population is one comprised of a mix of trauma and “medical” patients of all ages.  Medical patient are those that 
needs RSI because of causes other than trauma, for example stroke, seizures and other non-traumatic aetiologies. 
Now it might be that the service treats patients that are typical (good medical trauma mix, all ages) but the 
researchers select only a subset (such as trauma) for their study. In this instance item one will still receive a low risk 
of bias score, because this service treats a “typical” population and the reduction to trauma only for their study will 
be assessed in another item of this checklist. Therefore, item ones ask: who does this service typically treat with RSI, 
and are they comparable to the RSI super-population that we are going to generalize the systematic review results 
too?  
For the purposes of this study, an acceptable patient population is one that includes a mix of trauma and medical 
and all ages. Any trauma/medical ratio is acceptable. Using the trauma/medical and age criteria, if the patient 
population has sufficient trauma and medical patients (and treats adults and children); it has a low risk of bias for 
this item. Note that this item is concerned with the composition of the patient population the emergency service 
typically sees, not of the sample or the sampling frame. This item only assesses medical/trauma ratio and age mix. 
There are other aspects that are relevant but we will focus only on these two factors.  
Examples Rating and comments 
A flight medical service treats 80% trauma and 
20% medical routinely of all ages. 
Yes (LOW RISK). 
A flight medical service treats only trauma 
patients 
No (HIGH RISK). Must include at least some medical patients.  
A road based service has a typical patient 
population of 70% medical and 30% trauma 
Yes (LOW RISK). It is quite the inverse of the first example, but 
this is still a good trauma/medical mix. 
A Paramedic service treats patients of all ages, 
race and medical/trauma mix, However, their 
service is to cities and other major metropolitan 
areas, no rural patients included.  
Yes (LOW RISK). All criteria are met; if service is in a city this 
does not affect the mix for our purposes.  
A road based service does not report the 
composition of their usual patient population. 
However, their study sample contains 81% 
trauma and 19% medical of all ages.  
Yes (LOW RISK). It can be inferred that the patient population is 
representative.   
 A study does not report the nature of their 
serviced population, no mention of age range, 
medical or trauma ratio. Nor can these be 
reasonably inferred from the text. 
No (HIGH RISK). If they did not report these factors we must 
assume that the service does not treat a representative 
population, and that the external validity is possibly poor. If they 
report only one aspect (say age range) but do not mention the 
medical/trauma ratio, then this is insufficient too and is a high 
risk for bias.  
Item two 
If the records collected by the researchers are not the whole sampling frame by choice of the researchers – i.e. only 
a part of the records from the sampling frame form their reduced cohort due to investigator restrictions, then we 
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have a high risk for bias.  For example, a helicopter service treats trauma and medical, but the researchers exclude 
trauma patients from this sampling frame, resulting in a defined sampling frame without trauma patients. This is an 
instance of high risk of bias, since their research population is only a subset of the actual group of patients seen by 
that service. Another example:  a road based service might treat all ages, but the authors decide to assess the RSI 
success proportion of their 70 years+ elderly patients (which is only one portion of their sampling frame) – this is 
high risk again, due to restriction. Please note data “restriction” can happen without investigator choices - for 
example if a subgroup of data is not available for whatever reason (say data of medical patients lost in a fire). This is 
assessed by item four; the focus of item two is data restriction by the study investigators.  
Examples Rating and comments 
A helicopter service has a typical patient 
population of trauma and medical, all ages and 
in a large metro area. Researchers set out to 
measure RSI adverse events in a subset of 
stroke patients only. 
No (HIGH RISK). The sampling frame is restricted to a 
subgroup (stroke patients) by their inclusion criteria, making 
the results less useful to this systematic review. 
A road based service decides to find out the RSI 
success rates of all patients they treat for one 
year. The sampling frame is not restricted as 
they identify all patients that received RSI from 
healthcare records.  
Yes (LOW RISK). There was no restriction of data they 
collected from the patient population  
A paediatric road based service aims to identify 
instances of hypotension after RSI in their 
paediatric population. Their sampling frame is 
all records in their service without restriction. 
However, they could only get records for 68% of 
the children.  
Yes (LOW RISK). There were no subgroups. The fact that they 
could get only 68% of records did not matter for this item; it 
is assessed in item four.  
A aeromedical RSI success rate study states in 
its exclusion criteria that it excludes cases with 
contraindications to Suxamethonium and  
Ketamine, which are their usual RSI drugs 
Yes (LOW RISK). Excluding Patients with contraindications to 
RSI drugs is not data restriction, as they would not have 
received RSI anyway.  
A study aims to find success rates of emergency 
Physicians in their aeromedical service, 
although RSI is done by anaesthesiologists and 
other specialties that work on their helicopters. 
They exclude records where these other 
specialties did the RSI. 
No (HIGH RISK). Although the aim was to study emergency 
Physicians success rates, data restriction still took place. This 
is because the sampling frame includes records for all types 
of specialties, and they restricted data by their exclusion. 
The records collected by the researchers are not the whole 
sampling frame by choice of the researchers – i.e. only a 
part of the records form the sampling frame now once the 
investigators applied their restrictions 
A study does not report how they derived their 
sampling frame and we do not know if data 
restriction exists.  
No (HIGH RISK).  
 
Item three 
The study sample should closely resemble the defined sampling frame. See definitions above, the sampling frame 
and defined sampling frame are not quite the same.  Sampling can be done with a census or a random sampling. A 
census is when the researcher aims to collect every healthcare records/clinical sheet/data items of their defined 
sampling frame. A random sample is done by using a random process to select a representative sample from the 
defined sampling frame. A random sample should be large enough to achieve a representative sample. Unlike item 
two, which determines how data was restricted; this item focuses on whether the study sample was created in a way 
that all records of the defined sampling frame had an equal chance of being included.  
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Examples Rating and comments 
A military paramedic organization aims to find 
the RSI success rate of their medics on soldiers. 
They decide to include only male patients who 
were in combat, no females. They decide to do 
a random sample of this patient population that 
includes only males.  
Yes (LOW RISK). Despite the patient population 
not being a typical as assessed item one, and 
regardless of the data restriction to males only 
(assessed by item two), researchers did a 
random sample. The scores of item one and two 
do not impact on this item.   
A paediatric service aims to find the number of 
inadvertent oesophageal intubations in RSI over 
a year. Although they had access to all records, 
they decided to use only the records of RSI by 
physicians as the defined sampling frame (and 
they state this in their criteria) and undertook a 
census of the physician intubations.  
Yes (LOW RISK). They took a census.  
An aeromedical nurse based service aims to 
assess the RSI success rate of all patient they 
treat. They access all records over a year, and 
included these in their study. 
Yes (LOW RISK). This is an example of a census.  
A helicopter service wants to find the RSI 
bronchial intubation proportion for one year. 
They identify that 23% of the records are in 
hardcopy (not electronic) and they don’t go to 
the trouble of obtaining these records due to 
the extra labour it entails.  
No (HIGH RISK). They did not use a random 
process or census to select the sample; they 
handpicked records that are easily obtainable 
despite all records available.  
 
 Item four 
If the sample is much smaller due to non-availability of data (not by investigator choice as in item two) then we 
cannot be sure that the results of the study are true. This is because the non-available data might be systematically 
different from the available data, causing a non-response bias.  Data should be available to equal or more than 80% 
of cases identified after census or random selection.  Stated differently, if the researcher is unable to obtain data 
from ≥80% of RSI cases that were selected into the study (e.g. through ID numbers), then this poses a significant 
risk of non-response bias. If it is not clear from the study, i.e. it cannot be assessed due to lack of information, and 
then this too poses a high risk of bias. Please note that this item is different from item two, which assesses data 
restriction to a subgroup, which is typically done using the inclusion/exclusion criteria. If no information is available 
to assess non-response bias, then we must assume high risk.  
 
Examples Rating and comments 
An RSI success study identified 350 records that 
met inclusion and exclusion criteria; the 
researcher could only locate 212 records 
because the other was lost and incomplete. 
No (HIGH RISK).Non-response is 100-(212/350) = 39%, which 
is larger than 20%. 
A study reports that the sample size is 456 RSI 
patients, but they do not mention how this 
sample was selected and if this was a sample 
after non-response.  
No (HIGH RISK). We are unable to assess non-response bias, 
as the authors did not mention how large the census or 
random sample was from which the 456 were drawn.  
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Item five 
It is easy to see that a clinician might have reason to be less-than-truthful about success and harm events when using 
RSI. For this reason, if the RSI success and harm proportions were self-reported by the clinician or it is not mentioned 
how success or harm was verified, then this presents a risk of bias. For success and harm statistics to be reliable, RSI 
events needs to be independently verified. We will demonstrate this using as an example of ETI success:  intubation 
is independently verified by radiological means or confirmation by another clinician by visual inspection of the 
endotracheal tube having passed through the vocal cords, or by the use of technology such as end-tidal CO2, 
colorometric CO2 bulb/syringe devices (or any other similar technology). By “confirmation by another clinician by 
visual inspection” it is meant that another clinician visually inspects (with a laryngoscope, for example) the airway 
after the intubation to verify placement. This commonly happens when a clinician hands over an intubated patient 
to the Emergency Department where the ED physicians confirms placement by inspecting the airway with a 
laryngoscope or ETCO2 monitor and auscultation etc. It he paper indicates that another clinician verified ET 
placement, regardless of how that clinician verified, then this is acceptable. But clinician verification is just one 
acceptable way of confirmation. ETI success can also be verified independently by other means such as x-ray 
(radiological) or colorometric CO2 detectors or bulb/syringe devices or any other acceptable technology. You are the 
judge of “acceptable technology”. We will use intubation success as a proxy for RSI success in this systematic review. 
 Please not that these other means (radiological, ETCO2, bulb devices etc.) do not require another clinician double-
checking them, for example an x-ray does not have to be read by two clinicians, nor does a bulb/syringe device need 
double verification. Independent verification is not foolproof; but our aim is to be reasonably sure of the veracity of 
RSI events.  Note that item five deals with verification of success and harms, compared to item six that pertains to 
definitions, don’t confuse the two items.  If the researchers do not mention what steps were taken to ensure a 
statistic was reliable, then this is a high risk to bias. For a study to get a low risk of bias score, ≥70% of the statistics 
they report must be verified by the means described here, if less, then we consider this to be biased. The accuracy 
of potentially success and harmful/adverse events is reliable when: 
 RSI intubation success – if the intubation after the administration of RSI drugs is verified by another clinician, 
or with radiological means such as x-ray, MRI, CT-scan, or any of (but not limited to) end-tidal CO2, 
colorometric CO2 bulb/syringe devices (or any other similar technology), then it is acceptable. If the success 
is only verified by the intubating clinician visualizing the tube pass through the chords, or using auscultation 
only or just vapours in the ET tube only etc. then this presents a high risk to bias and the statistics are not 
reliable. 
 First pass success – As the numbers of intubations are typically witnessed by other clinicians on scene, the 
researchers do not have to define how they confirmed the reliability of fist pass success.  
 Oesophageal intubations – two types are found; the clinician recognises she/he intubated oesophagus and 
corrects, or oesophageal intubation is found upon arrival at hospital.  Self-report is acceptable, and the 
report by the receiving clinician in hospital is similarly adequate.  
 Cardiac arrest, hypo/hypertension, hypoxia/desaturation, airway trauma, bradycardia/tachycardia post 
endobronchial intubation, hypo/hypercarbia, hypo/hyperventilation, dislodged/misplaced ETI, aspiration 
event are all events that do not require independent verification as they are either self-evident or not prone 
to misclassification.   
Therefore the steps involved in calculating the rating for item five are: 
1. Make a list of all the RSI success and harm outcomes reported in the paper that are listed in item five above.  
2. One by one, go through the list and compare each outcome to those above paragraph of the guide and 
check if the verification in the paper is acceptable, using the template above. 
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3. Tally the number of outcomes that had an acceptable verification method, and calculate the percentage that 
results from this fraction. For example, if a paper reports eight outcomes, but report adequate verification 
methods for only five of them, then item five would get a high risk score, as only 5/8 ≈63% of outcomes were 
verified satisfactorily.   
Examples Rating and comments 
A study reports RSI success rates of 98%, but 
does not mention how the accuracy was 
confirmed.  
No (HIGH RISK). No mention of radiological or other clinician 
checking for ET placement, no mention of ETCO2, bulb syringe 
devices used etc. They do not tell us why we should believe 
this 98% statistic.  
A study reports RSI success rates, and the 
proportion of oesophageal intubations that the 
intubator recognised and corrected. The 
authors verified the accuracy of the RSI success 
by saying that intubation was verified by 
colorometric ETCO2 detector.  
Yes (LOW RISK). An acceptable means of verifying tube 
placement (ETCO2) was used and self-report of oesophageal 
intubation is acceptable.  
A RSI study from an aeromedical service reports 
in their methods section RSI success, instances 
of hypotension after RSI, airway trauma, 
number of cardiac arrest post RSI, and 
bradycardia. They explain how they verified 
intubations success by using bulb/syringe 
device, and cardiac arrest is verified by 
printouts of code reports from the defibrillator 
machine. But they do not state how they 
verified accuracy of hypotension, and they state 
bradycardia was confirmed by counting of a 
pulse by one clinician.  
Yes (LOW RISK). This paper reports five outcomes; 
RSI/intubation success) is verified with acceptable means. And 
the rest do not require verification 5/5=100  
A study reports RSI success and first pass 
success in the results section without having 
mentioned them in the methods; no mention 
how they verified the truth of these statistics.   
No (HIGH RISK). All the outcomes failed to mention how they 
were verified. 
 
Item six 
Item five (above) assess the way an event is verified as true or not, i.e., whether the “test” used to verify an event is 
reliable or not. But the event itself needs to be well defined. That is, a study needs to report acceptable definitions 
for most RSI success/harm it reports. It is obvious that the definition used for success and harms events can impact 
on the prevalence of that success or harm. For example, if one study defines hypotension after RSI as a drop in blood 
pressure of more than 20%, but the other defines hypotension as a systolic of less than 90 mmHg at any time after 
RSI, it is easy to see that these two studies might have very different proportions of hypotension. Also, combining 
statistics of success and adverse events into a meta-analysis that have very different definitions (and therefore 
prevalence’s) is a big cause of heterogeneity. The researchers need to define clearly, unambiguously and using an 
acceptable definition for at least 70% of the statistics they report in their paper. What is an acceptable definition of 
success and an adverse event? Sometimes a definition also includes the way the event was verified, so there can be 
some overlap between items five and six. For example, researcher states that hypoxia is defined as a pulse oximeter 
reading less than 90%. Since hypoxia was measure with a pulse oximeter, and this is considered independent 
verification item five is low risk. But in this instance the definition contains the means of verification required for 
item five, plus additional requirements (SPO2 <90%) that form a definition. Definitions for all success and events 
should contain the elements in the template below. We will use as a template the suggested definitions by Sollid et 
al115 and alter as needed, and define events not found in Sollid ourselves. Here follows the acceptable definitions: 
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1. First pass success – Success as defined on first attempt of intubation. This definition is obvious, and authors 
do not have to define this.  
2. RSI success – Intubation success is used as a proxy for RSI success. An RSI is considered successful if 
intubation following the administration of RSI drugs is successful. An acceptable definition states directly or 
through implication that the tube should be seated in the trachea. It is also acceptable to define success by 
defining failure, and success would be the reciprocal. The definition could refer to an anatomical structure, 
for example “success is when the tube passed beyond vocal cords and is seated in the trachea”, or 
“…oesophageal or bronchial intubations not considered successful”, or implies that the tube is in the correct 
position/anatomy e.g. “ETI success was defined as an appropriate waveform on the ETCO2”. An example of 
unacceptable definition: “… defined as the tube seated in the correct position”, since they did not state or 
imply what the correct position is. Circular definitions are not okay; for example “RSI success was achieved 
when the tube was placed successfully”.  
3. Oesophageal intubations - Obvious, and does not need to be defined. 
4. Cardiac arrest- Obvious, and does not need to be defined. 
5. Hypertension post RSI – The authors can use a threshold value of blood pressure or a rise beyond a baseline 
as part of their definition.  
6. Hypotension post RSI- The authors can use a threshold value of blood pressure or a drop beyond a baseline 
as part of their definition. 
7. Hypoxia/desaturation – if Spo2 or arterial oxygen drops below 90% or the equivalent arterial oxygen tension. 
Some consider a threshold value of 92% as a cut off, this is okay too.  
8. Airway trauma – no definition needed.  
9. Emesis post RSI – no definition needed 
10. Bradycardia/tachycardia post RSI. If the authors use a cut-off ≤ 60 beats per minute as part of their definition 
of bradycardia or ≥ 100 for tachycardia this is acceptable.  
11. Endobronchial intubation -  Obvious, and does not need to be defined 
12. Hypo/hypercarbia. – Any reasonable definition okay, see definition for reasonable. Brain Trauma foundation 
state that normal range is 35 to 40 mmHG. Therefore, values that are defined as less than 35 mmHG (± 20%) 
is considered to by hypocapnic/hypocarbic, hyperventilation. Similarly, values above 40(± 20%) is considered 
hypercarbia/hypercapnic/hypoventilation.  
13. Hypo/hyperventilation. Same as Hypo/hypercarbia above. Although they are not the same, 
hypo/hyperventilation is inferred by hypo/hypercarbia.  
14. Dislodged/misplaced ETI -Obvious, and does not need to be defined 
15. Aspiration event- No explicit definition required, but any definition that specifies that gastric contents are 
inhaled or aspirated or displaced into pulmonary system.  
Definitions are typically found in the methods section, but it is okay if the definition is anywhere in the paper, as long 
as they define events. If less than 70% of papers, then this is rated as high risk. Again, we are only interested in the 
outcomes listed in items five and six, don’t worry about the definitions of other outcomes.   
 
Examples Rating and comments 
A RSI study from a ground based service reports RSI 
success, instances of hypotension after RSI, emesis 
post RSI, number of cardiac arrest post bradycardia. 
They define success as the tube passed through vocal 
cords, and hypotension as a drop in blood pressure of 
20% from baseline. No definition of cardiac arrest is 
provided.  
No (HIGH RISK). Success and hypotension have 
acceptable definitions, but cardiac arrest does not 
have. Therefore, 66% of events are defined, which is 
less than 70%.  
A study reports RSI success rates and proportion of Yes (LOW RISK). Passing a tube through the vocal cords 
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vomiting. It defines success as passing the tube 
though vocal cords, and does not provide definition 
for emesis.  
implies that it is seated in the trachea. No definition of 
the obvious event of emesis needed.  
A road based EMS wants to find the prevalence of 
hypoxia after RSI in their service. They define hypoxia 
as SPO2 of less than 80% 
No (HIGH RISK). This definition is unacceptable, as it is 
very different from the commonly used definition of 
less than 90% SPO2. The difference of 10% here is a 
very large difference in arterial oxygen tension due to 
the shape of the oxyhaemoglobin dissociation curve.  
Researchers aim to find the prevalence of 
hypoventilation after RSI of 12 months. The define 
hypoventilation as any instance of ETCo2of more 
than 50mmHG.  
No (HIGH RISK). The definition is unacceptable, as the 
value chosen for ETCO2 is higher than 40(± 20%) 
mmHG. 40mmHG plus 20% = 48 mmHG and 50 mmHG 
is higher than this critical value.  
 
Item seven 
Proportions are often reported for multiple successes and harms, and they have to match. For example, if a study 
reports a 98% intubation success rate after RSI, and you look at the number from which they derived this statistic, 
they should be equivalent. Often this supporting information is located in a table, or as free text in the results 
section. Seventy percent or more outcomes listed in the methods section should have verifiable statistics; all 
statistics and the fractions from which they are derived should match. If a study presents a statistics from outcomes 
mentioned in the methods section with supporting fractions for ≥70%, then one would consider that a low risk of 
bias. It is rather tedious to double check the papers calculations, but please be thorough. Please note that you do 
not have to check the proportions and statistics for outcomes that are not listed in item five and six. Often papers 
report outcomes and statistics that are not relevant to this systematic review; we are not concerned with the 
veracity of these statistics.  
Examples Rating and comments 
A RSI study of paramedics in a helicopter 
service report a 92% RSI success rate, and in 
table one we find the numerator and 
denominator that was used to derive this 92% 
figure. The fraction from the table is 312/395.  
No (HIGH RISK). 312/395 = 79%, not 92%, they 
miscalculated 
A methods section indicates and the results 
section reports multiple outcomes: 1) Success, 
2) hypoxia, 3) cardiac arrest, 4) endobronchial 
intubation, and 5) hyperventilation. In table 
two we find numerators and denominators for 
most of these events, except for 
hyperventilation.  
Yes (LOW RISK). Numerators and denominators 
for ≥70% statistics must be presented in the 
paper that is planned for in the methods. The 
failure to report the fraction for one is not a 
problem as 4/5 = 80% 
A study reports a 97% success rate for RSI, but 
nowhere in the paper can we find the 
numerators and denominators from which this 
statistics is derived.  
No (HIGH RISK). How do we know the authors 
calculated this statistic reliably? We don’t, so this 
is a high risk.  
A study presents seven outcomes, and presents 
in a table the numerators and denominators for 
all these outcomes.  
Yes (LOW RISK). We have all the information to 
double check their calculations.  
A study describes eight outcomes in the 
methods, but reports 12 in the results. Of the 
outcomes reported only in the results, but not 
described in the methods, two do not match.  
Yes (LOW RISK). We focus only on the outcomes 
described in the methods and their results. The 
extras don’t matter, whether they have errors or 
not.  
The methods section mentions outcomes: ETI 
success, hypotension, the patient’s weight, 
Malamapati and size of tube. They report 
Only success and hypotension is of interest to us, 
as these are the only outcomes mentioned in 
item five and six. Both have correct portions and 
50 
 
correct proportions for all except Malamapati 
view.  
statistics, it does not matter that Malamapati 
view is faulty as we are not going to use it in our 
review. The score for item seven is 2/2 = 100% 
 
Item eight 
Some methods of data collection are more reliable than others. A study should use uniform methods of collection all 
of its data. If they used more than one method, then one part of the study has data that is less reliable then the 
other. If they do not provide any information on how data was collected a high risk to bias results.  
Examples Rating and comments 
A study collects 60% of its data from healthcare 
records, and the other 40% from a mix of video 
footage and printouts from machines plus post 
event debrief and documentation.  
No (HIGH RISK). Multiple methods of data 
collection were used here.  
A study collects 98% of its data from electronic 
healthcare records, and the other 2% from a 
hand written records 
No (HIGH RISK). Multiple methods of data 
collection were used here, although only for a 
small proportion, it is still a problem for the 
purposes of this review.  
A study does no stipulate how data was 
collected 
No (HIGH RISK). We cannot assume that data 
collection was uniform.  
 
Item nine 
 
See quality checklist for explanation on how to calculate summary score. 
 
